Abstract. An acceptance sampling plan problem based on truncated life tests when the lifetime following a Sushila distribution is considered in this paper. For various acceptance numbers, confidence levels and values of the ratio between fixed experiment time and particular mean lifetime, the minimum sample sizes required to ascertain a specified mean life were found. The operating characteristic function values of the suggested sampling plans and the producer's risk are presented. Some tables are provided and the results are illustrated by an example of a real data set.
Introduction
Acceptance sampling plans are used to determine the acceptability of a product unit, where the consumer can accept or reject a lot based on a random sample selected from the lot. The process starts by obtaining the minimum sample size necessary to ascertain a certain average life when the life test is terminated at a predetermined time. Such tests are called truncated life tests. Nowadays acceptance sampling plans are an important tool in quality control because they can help manufacturers to minimize variability and safeguard the outgoing quality of their products.
The concept of an acceptance sampling plan based on truncated life tests has been studied by several authors. For example, Sobel and Tischendrof [1] considered a life test based on an exponential distribution, Gompertz distribution was investigated by Gui and Zhang [2] ; Al-Omari [3] studied a three-parameter kappa distribution; Al-Nasser and Al-Omari [4] proposed an acceptance sampling plan based on truncated life tests for the exponentiated Fréchet distribution; Kantam, et al. [5] considered truncated life tests for a loglogistic distribution; Al-Omari [6] considered time truncated acceptance sampling plans using a generalized inverted exponential distribution; Al-Omari [7] proposed transmuted inverse Rayleigh distribution; Aslam and Shabaz [8] considered reliability test plans for a generalized exponential distribution; Al-Omari [9] studied the generalized inverse Weibull distribution in acceptance sampling plans; Al-Omari, et al. [10] investigated double acceptance sampling plans based on exponentiated generalized inverse Rayleigh distribution; AlOmari & Zamanzade [11] suggested double acceptance sampling plans for the transmuted generalized inverse Weibull distribution.
The main object of this paper is to present a new acceptance sampling plan based on truncated life tests following a Sushila distribution. This paper is organized as follows. Section 2 delivers the probability density and distribution functions of the Sushila distribution with other statistical properties. Section 3 is devoted to the proposed acceptance sampling plan based on a Sushila distribution and its properties such as the minimum sample size, the operating characteristic function, and the producer's risk. Some useful tables and examples are presented in Section 4. Application of a real data set is given in Section 5. The main conclusions are reported in Section 6.
Sushila Distribution
Shanker, et al. [12] suggested a two-parameter ( and ) continuous distribution known as a Sushila distribution (SD), with the probability density function (pdf) defined as:
The pdf of the Sushila distribution are shown in Figures 1 for some values of the distribution parameters.
Figure 1
The pdf of the SD with 2 and 2, 4,6.
The cumulative distribution function (cdf) of the SD random variable is given by:
The cdf of the Sushila distribution are shown in Figures 2 for some values of the distribution parameters.
Figure 2
The cdf of the SD with 2 and 2, 4, 6.
Shanker, et al. [12] suggested the following properties of the Sushila distribution. The kth moment about the origin of the Sushila random variable can be calculated as follows:
The mode of the SD is defined as for 0 1, and zero otherwise. The kurtosis ( , skewness (sk) and the coefficient of variation (CV) of the SD, respectively, are given by: 
Sk
Note that the measures , Sk and CV are free of the parameter 0. The hazard rate function and mean residual life function of the Sushila random variable are:
and
The method of moment estimate of 0 is ˆˆ1ˆ2 X
For more details about the SD, see Shanker, et al in [12] .
Suggested Acceptance Sampling Plans
In this section, we propose acceptance sampling plans assuming that the lifetime distribution follows the SD distribution given in Section 2. An acceptance sampling plan based on a Sushila distribution has not been studied before. Also, without loss of generality we assumed that the two parameters 0 and are both equal to 2.
An acceptance sampling plan based on truncated life tests consists of the following quantities:
1. The number of units (m) on test.
2. An acceptance number (c), where if c or less failures happened within the test time (t), the lot is accepted. 3. The maximum test duration time, t. 4. The ratio ⁄ , where is the specified average life.
Minimum Sample Size
Assume that the lot size is sufficiently large to be considered infinite to obtain the probability of accepting a lot using a binomial distribution. Here, the problem is to determine the smallest sample size m necessary to satisfy the inequality
up to an acceptance number c for given values of * ∈ 0,1 , where ;
is the probability of a failure observed within the time t, which depends only on the ratio ⁄ . If the number of observed failures within the time t is at most c, then from Ineq. (10) we can confirm with probability P that ; ;
, which implies . The smallest sample sizes that satisfying the Ineq. (9) Table 2 . The values of ⁄ and * considered in this study are the same values as given in Baklizi, et al. [13] , Kantam, et al. [5] and Gupta and Groll [14] .
3.2
Operating Characteristic of Sampling Plan , , ⁄
The operating characteristic (OC) function of sampling plan , , ⁄ provides the probability of acceptance of the lot and is defined as:
where ; is considered to be a function of (the lot quality parameter), and 1, is the incomplete beta function defined as: Table 2 . Note that for a fixed time, t, OC(p) is a decreasing function of p, while p itself is a monotonically decreasing function of . The OC function can be seen as a source for choosing the minimum sample size (m) or the acceptance number (c).
Producer's Risk
The producer's risk (PR) is defined as the probability of rejecting the lot when , and is given by:
For a given value of the producer's risk, say , under a given sampling plan, one may be interested in knowing what is the smallest value of / is that will assert a PR of at most . The value of / is the minimum positive number for which satisfies the inequality 1 ( )
.
For a given acceptance sampling plan , , ⁄ , at a given confidence level * , the smallest values of / satisfying Ineq. (13) are presented in Table 4 . In Table 2 , we present the smallest sample sizes necessary to ascertain that the mean life exceeds with probability greater than or equal to * , as well as the acceptance number c for 0 2 in the SD distribution. For example, suppose that we want to establish a mean life greater than or equal to least 1000 hours with probability * 0.90 . The life test is at least 942 hours 0.942 ⁄ when the acceptance number 2. Then, the corresponding table value is 8 units that should be put on test. That is, if within 1000 hours at most 2 units out of 8 units fail before time t, then the lot is accepted. Otherwise it is rejected with a confidence level of 0.90. Thus, the time test has to be truncated at time 0.942 of the specified mean life so that the average life is at least 1000 hours. The sample sizes given in Table 2 are smaller than the sample sizes provided in Baklizi, et al. [13] , Kantam, et al. [5] and Gupta and Groll [14] . Table 3 shows the operating characteristic function (OC) values for the time truncated acceptance sampling plan calculated from Table 2 Table 4 displays the minimum ratio between the true mean lifetime and the specified one for acceptance of the lot with the producer's risk 0.05. However, we can get the value of ⁄ for various choices of , ⁄ such that the producer's risk may not exceed 0.05. Thus, in our example, the value of ⁄ is 7.216 for 2, 0.942 ⁄ , and * 0.90 or the consumer's risk is 0.10. That is, the lot will be rejected with probability at most 0.05, which implies that the product can have a mean life of 7.216 times the specified average lifetime of 1000 hours in order to accept the product with probability at least 0.95. The actual average lifetime required to accept 95% of the lot is presented in Table 4 .
Tables and Examples

Real Data Application
The data given in this section were considered by Lawless [15] . The maximum likelihood estimators of the parameters of the Sushila distribution based on these data are ̂ 0.4780671 with a standard deviation of 0.65001495 and 0.0108697 with a standard deviation of 0.01461223. For the data it was found that the Kolmogorov-Smirnov distance is 0.333551 with p-value 0.04342598, the Cramér-von Mises criterion is W = 0.06575653, the Anderson-Darling criterion is A = 0.4429015, the Bayesian information criterion is 170.585, the consistent Akaike information criterion is 169.9629, the maximized log-likelihood is 82.51989 and the Hannan-Quinn information criterion is 169.1189. Hence, the Sushila distribution could provide reasonable goodness of fit for the ball bearing data set.
Suppose that the lifetime of a product follows the Sushila distribution and the specified average life is 0ˆ2 . If no more than 8 failures out of the 23 ball bearings are observed at the end of time t, then the lot is accepted. Hence, the lot is accepted in this experiment.
Conclusions
In this work, a time truncated acceptance sampling plan was developed for truncated life tests following a Sushila distribution. Some useful tables were presented and applied for the minimum sample size necessary to guarantee a certain mean life of the test units, the operating characteristic function values for the sampling plan, and the minimum ratio to the specified mean life for accepting a lot with confirmed producer's risk. Practitioners can use the results obtained in this paper and the proposed method can also be used for other distributions that can be converted to a Sushila distribution.
